The animals transported to or born in highlands are influenced by the high altitude environment, which consists of many biometeorological factors such as barometric pressure (PB), partial pressures of atmospheric constituents, ambient temperature, humidity, solar radiation, etc.. It has been assumed that among these many environmental factors partial pressure of oxygen (PO2) plays the most important role upon the cardiopulmonary function of the animals1,2). In natural environment, however, an animal is to be exposed to hypobaric as well as hypoxic condition, as PO2 decreases together with PB proportionately to an increase in altitude.
The animals transported to or born in highlands are influenced by the high altitude environment, which consists of many biometeorological factors such as barometric pressure (PB), partial pressures of atmospheric constituents, ambient temperature, humidity, solar radiation, etc.. It has been assumed that among these many environmental factors partial pressure of oxygen (PO2) plays the most important role upon the cardiopulmonary function of the animals1,2). In natural environment, however, an animal is to be exposed to hypobaric as well as hypoxic condition, as PO2 decreases together with PB proportionately to an increase in altitude.
Therefore, in the present investigation, hypobaric and/or hypoxic conditions were produced by using the control chamber under the constant state of other environmental conditions in order to discriminate the effects of PB and PO2 on the cardiopulmonary function of the rat.
Materials and Methods
Fifteen male Wistar rats, 13 to 14-week-old, weighing 380-450g, were used in this study. A handmade device was implanted in each rat at the subcutaneous layer prior to experiments. The device consisted of a respiratory sensor made from a kind of carbon fiber (Toho Rayon, Besfight), silver ring electrodes for electrocardiography, and a Teflon tube for catheterization to the abdominal artery.
Each experiment was carried out on the rat restrained in a Bollman's cage under unanesthetized condition.
Pneu mogram, electrocardiogram, and sphygmogram were recorded simultaneously with the biophysiograph (San-ei, 180 system). From these original records, respiratory rate (RR), heart rate (HR), and mean blood pressure (BP) were calculated. And body temperature (BT) was measured with an electronic thermometer by inserting the thermister probe into the rectum to a depth of 4cm.
TAKEMURA, SUGANO, HIROSE and SAWAZAKI Simulative conditions were produced by the control chamber (Shimadzu, SCA-102Z) installed in the Center of Environment Regulation System for Biology, Faculty of Agriculture, University of Tokyo. Ambient temperature and relative humidity were concontrolled at 50l (S. T. P.)/min (capacity of the chamber: 1m3); this conditioning was enough to maintain CO2 concentration between 250-600ppm in every experiment.
The chamber was decompressed for PB regulation, and was supplied with the mixture of normal fresh air, O2 gas, and N2 gas for PO2 regulation.
The following four experimental conditions were designed: 1) normobaricnormoxic condition (PB=760mmHg PO2=159mmHg, simulated sea level), 2) hypobaric-hypoxic condition (PB=462mmHg PO2=97mmHg, simulated 4,000m altitude), produced by decompression alone, 3) hypobaric-normoxic condition (PB=462mmHg PO2=159mmHg), by decompression and O2 gas supplying, 4) normobaric-hypoxic condition (PB=760mmHg PO2=97mmHg), by N2 gas supplying. Exposing, pre-, and post-exposing periods were 110, 30, and 40min respectively. And the exposing period was divided further into as follows: the first 25min, changing from normobaricnormoxic condition to hypobaric and/or hypoxic conditions; the next 65min, remaining at a given condition; the last 20min, returning to normobaric-normoxic condition.
Physiological responses were continuously observed throughout total 180min.
Results and Discussion
In a simulative experiment, as compared with a field study, the effect of a certain environmental factor can be easily evaluated, because the effects of other factors are able to be eliminated. In the present investigation, ambient temperature, relative humidity, supplying gas volume, and CO2 concentration were continuously maintained at each constant level respectively, and only PB and PO2 were allowed to change.
Therefore, it was considered that the effects of PB and PO2 on the cardiopulmonary function of rats were able to be fairly compared with each other.
In the hypobaric-hypoxic condition, both RR and HR increased clearly from the onset of the exposure and recovered to the initial levels in the post-exposing period, and BT decreased slightly in the latter half of the exposing period, in comparison with those changes in the normobaric-normoxic condition. But BP was not obviously influenced by exposure (the left column of Fig. 1 ).
HAYS et al.3) also observed the increases in both RR and HR in cattle in a simulative hypobaric-hypoxic condition under constant ambient temperature and humidity.
MCMURTRY et al.4) reported a decrease in blood PO2 and almost no change in mean systemic arterial pressure in contrast to a clear increase in mean pulmonary arterial pressure in pigs. It was reported that the rectal temperature of rats was decreased by the exposure to hypobaric-hypoxic condition although the extent of its decrease varied with ambient temperature5).
On the other hand, similar changes in RR, HR and BT as observed in the hypobaric-hypoxic condition were also revealed in the normobaric-hypoxic condition, but not in the hypobaric-normoxic condition (the right column of Fig. 1 ).
From these results, it was discriminated that RR, HR and BT changed only in the hypoxic condition in spite of the variation of PB. Many kinds of animals show pulmonary hypertension when exposed to hypobaric-hypoxic conditions6). And it also occurs when exposed to normobaric-hypoxic condition in rats7).
In conclusion, it was presumed that the main influential factor in the hypobaric-hypoxic condition on the cardiopulmonary function of animals was the decrease in PO2.
